Recent experimental and theoretical studies indicate that coherent VLF waves, such as lightning-generated whistlers and signals from ground-based VLF transmitters, can often produce significant pitch angle scattering in energetic particles in the magnetosphere. However, the relative importance of these waves in controlling the lifetimes of energetic particles is only partially understood due to limited knowledge of the global distribution of the coherent waves throughout the magnetosphere. The present paper presents a preliminary global study of VLF transmitter signals and low-latitude whistlers received at 245 km altitude on the space shuttle. The observations were made in a 5-day period during the STS 3 mission of the space shuttle in March 1982. The threshold sensitivity of the wave receiver when mounted in the shuttle bay was 0.3 pT 4-10 dB (set by the shuttle electromagnetic interference), which was sufficient to detect the whistler mode signals in large regions of the ionosphere. We find that the direct signals from a 10-kW transmitter located at 28øS magnetic latitude were received in a roughly circular region with a diameter of 6000 km centered around the transmitter. The signals propagating through the magnetosphere from a 500-kW magnetically conjugate transmitter at 40øN magnetic latitude were received inside a region extending 5000 km in longitude and 2000 krn in latitude. Finally, the direct signals from a I MW-transmitter at 31øS magnetic latitude were received in a region extending 22,000 km in longitude, while the latitudinal extent (5000 km) was limited by the shuttle orbit and the day/night terminator. Except for one case, signals were received only during nighttime. Extremely small dispersion whistlers were detected on L-shells between 1.04 and 1.11, suggesting that the lack of ducted whistlers on magnetic field lines in this range is not due to transmission loss across the D region boundary or to high ionospheric absorption loss, but most likely to a lack of ducts.
INTRODUCTION
The dynamics and lifetime of energetic electrons in the magnetosphere depend in large measure on the VLF wave activity both generated spontaneously in the medium and arising from ground-based VLF transmitters and from lightning-generated whistlers. Estimations of whistler waveelectron interactions are usually done with either of two assumptions: (1) that the waves propagate in a ducted mode parallel to the earth's magnetic field; or (2) that the waves are nonducted but their ray paths can be described by two-dimensional ray tracing calculations in which transmeridioital propagation is neglected. The ionosphere is often the boundary in these calculations, from which rays are "launched" into the magnetosphere. The actual field amplitudes in the ionosphere are dependent on D region absorption, coupling into ducts, and coupling between the two wave polarizations, and thus they are complicated functions of local time, geographic location of the transmitter, geomagnetic activity, and signal frequency. However, both for lightning-induced whistlers and for VLF transmitter signals, in situ measurements of the global distribution of field inopportunity provided by the space shuttle to resolve this problem.
The observed during the daytime. This is not surprising as the higher D region plasma density is expected to increase the absorption by about 20 dB at 10 kHz and 30 dB at 30 kHz [Helliwell, 1965] .
During nighttime when the shuttle was either magnetically conjugate to a transmitter or in the same hemisphere within 1000 km, the signals from this transmitter were usu- . The present observations suggest that the lack of ducted whistlers at L < 1.13 is more likely due to a lack of whistler mode ducts on these L shells, rather than to high ionospheric absorption or high transmission loss across the D region boundary. Since the dispersion is closely proportional to the integral of the electron plasma frequency along the ray path, it can in principle be used as a diagnostic tool to determine plasma density variations below the spacecraft. The STS 3 VLF wave data show that even though the shuttle EMI imposes limits on the threshold sensitivity of the wave receivers, valuable measurements of VLF wave activity can be performed even when the antennas are housed in the shuttle bay. Thus, with calibrated receivers, global studies of VLF magnetic field intensities may be performed accurately at shuttle altitudes close to the F peak region of the ionosphere. It is clear, however, that the electric field measurements are significantly disturbed by shuttle-generated noise. For such measurements the wave experiment must be free flying at some distance from the shuttle, say 100-300 m, as was done during the Spacelab 2 mission [Gurnett et al., 1986] .
